We present spectroscopic and photometric observations of BD + 22°4409, a nearby, low-mass star which, on the basis of its Galactic space motions and high EUV-tobolometric luminosity ratio, has been previously assigned membership of the young kinematic group known as the Local Association. Our observations show that BD + 22°4409 is a single, K5V-K7V, chromospherically active ultrafast rotator, with a probable period of 10.17 ± 0.10 h and a projected equatorial velocity of 69 ± 1 km s"
INTRODUCTION
Leeuwen & Alphenaar 1982; Stauffer, Hartmann & Latham 1987; van Leeuwen, Alphenaar & Meys 1987; Stauffer, Hartmann & Jones 1989b; Soderblom et al. 1993a,b) . A concise review of these observations is presented by Stauffer (1991) , but perhaps the most important result is that, whilst the rapid rotators in the a Per cluster (age ~ 50 Myr) are of spectral types G, K and M, the rapid rotators in the Pleiades (age ~ 70 Myr) are predominantly of type K or cooler, and the rapid rotators in the Hyades (age ~ 600 Myr) are restricted to M-dwarfs. This seems to indicate that the spin-down time-scale for rapidly rotating stars is mass-dependent, varying from about 20 Myr for G-dwarfs to ^ 500 Myr for M-dwarfs. Conventional angular-momentum-loss (AML) scenarios, involving the interaction between a stellar wind and the coronal magnetic field, have difficulty in explaining these very short time-scales without a much increased and enhanced stellar wind and/or rotational decoupling between the radiative core and convective envelope (MacGregor 1991; Li & Collier-Cameron 1993; Collier-Cameron & Li 1994 ). However, X-ray observations (Micela et al. 1990 ) have revealed that the rapidly rotating stars are powerful coronal sources. X-rays arise from plasma, heated and contained within closed magnetic field structures on the Sun, and by analogy it is probable that a large fraction of the surfaces of these stars are covered by magnetic loops. This would reduce the magnitude of any stellar wind, diminishing the effectiveness of the conventional AML mechanism (CollierCameron, Li & Mestel 1991) . It is possible that a different AML mechanism is dominant in these rapid rotators, involving magnetic loops. It is difficult to investigate this observationally, because the distance of the Pleiades (120 pc) excludes detailed time-resolved observations at optical, ultraviolet, radio and X-ray wavelengths. Fortunately, rapidly rotating stars that are at a similar evolutionary stage as Pleiades members, but much closer, have been found in the last few years. Similar space motions to the Pleiades cluster and high photospheric lithium abundance are the main identifying characteristics (Innis, Thompson & Coates 1986; Anders et al. 1991) . The beststudied of these stars is AB Dor, with a spectral type of K0, t> eq sin i of 85 km s" 1 and a rotation period of 0.51 d. A possible solution to the AML problem has been found from time-resolved H a spectroscopy, where absorption transients have been observed to cross the rotationally broadened, chromospherically filled Ha profile on time-scales of an hour (Robinson & Collier-Cameron 1986; Collier-Cameron & Robinson 1989a, hereafter CR89a) . These are interpreted as clouds of cool, corotating material, trapped in closed magnetic field regions several stellar radii above the star. Similar behaviour has been observed on the active M-dwarf HK Aqr (Doyle & Collier-Cameron 1990; Byrne, Doyle & Mathioudakis 1992) , four rapidly rotating G-dwarfs in the a Per cluster (Collier-Cameron & Woods 1992 ) and the very rapidly rotating K-dwarf HD 197890 (Jeffries 1993) . Collier-Cameron & Robinson (1989b, hereafter CR89b) observed the evolution of the cloud system around AB Dor, and suggested that clouds form and are centrifugally supported beyond the Keplerian corotation radius, increase in density on a time-scale of days, and then move outward, constrained by the magnetic field, until they are ultimately ejected, with consequent AML.
It would be advantageous to find further examples of nearby stars at ages similar to the a Per or Pleiades clusters, with a range of rotation rates, masses and inclinations, that could be studied in similar detail to AB Dor. There are two promising methods to locate these objects. The first uses the fact that magnetic activity increases with rotation rate. The coronal X-ray/EUV flux from rapidly rotating, late-type stars is expected to approach 10 ~3 of the bolometric flux (e.g., see Dobson & Radick 1989; Jeffries & Jewell 1992) . Thus optical investigation of X-ray-or EUV-selected objects from the ROSAT X-ray telescope (XRT) or Wide Field Camera (WFC) all-sky surveys can uncover rapidly rotating stars, both single and in close binary systems. An alternative is to examine the kinematics of nearby, active stars. Eggen (1983a Eggen ( ,b, 1992 has found a coherent stream of B stars in the solar vicinity that share the space motions of young clusters such as a Per and the Pleiades. This moving group, dubbed the Local Association, is also apparent in the kinematics of an EUV-activity-selected sample of late-type stars in the solar neighbourhood (Jeffries & Jewell 1993) . If, by virtue of their similar kinematics, these Local Association stars share a common epoch of formation to stars in young open clusters, then they are likely candidates to display rapid rotation.
In this paper, we present spectroscopic and photometric observations of the nearby K-dwarf BD + 22°4409. This object was detected during the ROSAT WFC EUV all-sky survey, as the source RE 2131 + 23, and also in the Extreme Ultraviolet Explorer (EUVE) survey as the source EUVE 2131 + 233 (Malina et al. 1994) . It has been identified as a probable member of the Local Association by Jeffries & Jewell (1993) on the basis of its Galactic space motions and a large EUV-to-bolometric flux ratio of 2.9 xlO -4 , which indicates possible rapid rotation. The paper is organized as follows. In Section 2, spectroscopic observations in the Ha and Can H and K regions are described, which confirm BD + 22°4409 as a rapidly rotating, single, chromospherically active star. In Section 3, photometry of BD + 22°4409 is presented, and a rotational period derived; in Section 4, we derive the photospheric lithium abundance from a synthesized spectral analysis; in Section 5, we discuss the physical and evolutionary status of BD + 22°4409 and, in Section 6, we discuss the nature of the atmospheric inhomogeneities that have given rise to the variability seen in the chromospheric flux, visible light and photospheric lines.
OPTICAL SPECTROSCOPY

1992 August observations
A series of observations of BD + 22°4409 were made at the Isaac Newton Telescope (INT) of the Observatorio del Roque de los Muchachos, between 1992 August 10 and August 16. The Intermediate Dispersion Spectrograph (IDS) was used with a 500-mm camera and an EEV CCD detector with 1280x22 pm pixels in the dispersion direction. The grating had 1800 line mm" 1 with a peak efficiency at 6500 À (the 1800V grating). All spectra were centred at 6590 Ä, with a dispersion of 0.22 Á per pixel. The slit width was set at about 1 arcsec, corresponding to two detector pixels. The resolution of this instrumental set-up (confirmed by arc exposures) was 0.44 Â. Stellar spectra were bracketed with thorium-argon arc lamp exposures, and observations of several LAU radial velocity standard stars were made to confirm that the radial velocity measurements were on the standard system. Data reduction was achieved with the STARLINK software package fígaro (Shortridge 1991) . The raw CCD frames were bias-subtracted and flat-fielded with a tungsten lamp before extraction. Spectra were wavelengthcalibrated with Th-Ar lamp spectra and rebinned into equal velocity intervals of 10.24 km s -1 . Atmospheric water vapour lines were divided out, using very high signal-to-noise ratio (S/N) B star calibration spectra. A typical spectrum of BD + 22°4409 had an S/N of 100. A log of the observations is given in Table 1. A spectrum, normalized with a third-order polynomial fit to the continuum, is shown in Fig. 1 . It is immediately obvious that BD + 22°4409 is a chromospherically active star, showing a strong Ha emission line. It is also apparent that the star is rapidly rotating; the photospheric metal Unes are considerably broadened beyond that expected from the instrumental resolution of about 20 km s -1 . The FWHM of the lines is around 9 pixel, corresponding to a ^e q sin i of about 60-80 km s -1 . Also apparent in the spectrum is an absorption line at 6708 À due to lithium in the photosphere. A high lithium abundance in the photosphere can be a signature of stellar youth, and this is investigated in Section 4.
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1 . This standard deviation is slightly larger than might be expected for a single star. Close inspection of the data taken over a continuous 7-h period on August 14/15 reveals that there is a sinusoidal variation in the determined radial velocities, with an amplitude of about 2.5 km s -1 . It is improbable that this is caused by membership of a short-period binary system, because f eq sin i is so much larger than the amplitude of the BD + 22°4409: a rapid rotator in the Local Association 157 Wavelength (Angstroms) Figure 1 . A normalized spectrum of BD + 22°4409 in the H a region.
variability seen in the radial velocity. This is not normal in close binary systems, where tidally enforced synchronous rotation of the components is usually observed. A more plausible explanation is the rotation of large, cool spotted regions across the surface of the star. These will distort the shapes of photospheric lines and subtly change the peak position of the cross-correlation function (e.g. ). This effect is discussed in detail in Section 6. v eq sin i has also been estimated by cross-correlation with the slow rotator G1 380, which has a spectral type of K7V and appears to match the spectrum of BD + 22°4409 very well. The relationship between the FWHM of the crosscorrelation peak and v eq sin i was calibrated by broadening a G1 380 spectrum of S/N = 500 with a limb-darkened rotational broadening profile (Gray 1992) and crosscorrelating with the unbroadened template. From the mean FWHM of the cross-correlations with BD + 22°4409, we obtain a v Qq sin / of 69 ± 1 km s -^ where the statistical errors are negligible, and the quoted error arises from systematic changes in the estimated v eq sin i associated with the profile changes discussed above. Note that, if the star were a contact, SB 2 binary system, we would have expected the v eq sin i measured in this way to vary considerably.
Ha equivalent widths (EWs) were determined for each observation by a simple integration of the counts above a continuum level, determined from a third-order polynomial fit to a set of consistent line-free regions. The statistical errors in this process are about 20 mÂ. The total EW of the Ha line for each spectrum is Usted in Table 1 . The mean Ha EW from all the observations is 517 mÂ. There is evidence of variability of the order of 0.3 À on time-scales of hours and from day to day. On 1992 August 14/15, the Ha EW rose by ~0.4À above its initial value in 2 h, and then decayed back to a slightly higher value over a period of ~ 2 h (Fig. 2) addition to the simple EW information, there is also the possibihty of Doppler-mapping the location of Ha emission components on the star. The mean FWHM of the H a profile is 2.4 À, and the width due to rotational broadening of the line (2t> eq sin /) is 3.1 À, so we expect to have at least seven resolution elements across the Ha line. This is also sufficient to search for the transient prominence-like activity seen in other rapidly rotating stars (see Collier-Cameron & Woods 1992) or the rotation of plages across the stellar surface (Young et al. 1990, hereafter Y90) . A full discussion of these possibihties is deferred to Section 6.
1992 September data
Spectroscopic data in the blue (centred around Can H and K) were also obtained on the INT during the week 1992 September 14-21. The telescope was equipped with the IDS and 235-mm camera, a GEC blue-coated chip with 576 22-pm pixels in the dispersion direction and a 2400 line mm -1 grating with first-order sensitivity between 3500 and 5500 À. For the wavelength calibration, a Cu-Ar arc was obtained every 2-3 h and, for flux calibration, two or three standard stars were observed per night.
The data were reduced with the Starlink packages fígaro and dipso (Howarth & Murray 1987) , with the raw CCD frames being bias-subtracted and flat-fielded before extraction. The spectral resolution at Hô was 0.6 À. The instrumental response and wavelength sensitivity were calibrated by comparison with spectra of standard stars, taken with the same grating and slit setting. Absolute flux calibration was also achieved by comparison with the same standard stars. The internal agreement between the absolute flux calibration derived from different standards throughout the night was a few per cent. However, since we were using a narrow slit, our data cannot be considered to be of spectrophotometric accuracy. We have checked the accuracy of the measurements by comparing the continuum flux of other M-dwarfs observed during this interval with their broadband U magnitudes, using the calibration of Bessell (1979 On the last night of observation, a continuous sequence of measurements following the latter scheme was made over 6 h. The measurements were also referred to equatorial standard stars (Menzies et al. 1991) on the best photometric nights.
The stellar images on the individual CCD frames were reduced to counts per second, using the apphot routines within the astronomical computing environment iraf (Davis 1989) on the Northern Ireland node of the United Kingdom's Starlink astronomical computing network (Bromage 1984) . These were in turn reduced to standard magnitudes, using our measurements of equatorial standard stars to determine the relationship of the instrumental system to the standard system. The best photometric nights were used to determine the mean magnitudes and colours of the two local comparison stars as given in Table 2 . On nights of lesser photometric quality the programme star measurements were zeroed to these local comparisons, which were close in colour to the programme star itself. A log of the observations BD + 22°4409 can also be found in Table 2 , along with the means of each group of observations and overall means. The mean magnitudes and colours for BD + 22°4409 are F= 9.19±0.05, (B-F)= 1.0810.02, (U-B)-0.82 ±0.08, (F-R) KC = 0.59±0.02 and (F-/) KC = 1.23 ± 0.03, where the errors quoted are the standard deviations of the measurements.
Period determination
The V data were analysed for periodicity, using an implementation of the Lomb-Scargle periodogram (Scargle 1982) in the period software on Starlink (Dhillon 1993) . The periodogram revealed a number of peaks (see Fig. 4a ). These were at periods of 10.17,17.76, 9.22, 7.12,15 .02 and 6.64 h in order of significance. The false-alarm probabilities (see Scargle 1982 ) that these peaks could be produced by noise in the data vary from 0.04 to 1.1 per cent. A sinusoidal fit to the data also arrived at local least-squares minima at these periods, again in the same order of likelihood. The errors in these period determinations, estimated from the HWHM of the periodogram peaks, are about ± 0.08 h. We have used physical reasoning and mathematical methods to attempt to distinguish between these six possibilities for the correct rotation period. The possible shorter periods in Fig. 4 (a) at 7.12 and 6.64 h can be ignored, because the photometric data taken on September 17/18 show a monotonie increase over 6 h, and therefore such periods produce a physically unlikely 'saw-tooth' light curve. The shorter periods are also ruled out by other evidence presented in Section 6.2. The 17.76-h period is physically implausible, because the implied stellar radius would be inconsistent with the photometry and parallax (for details, see Section 5). It seems likely that several of the peaks in Fig. 4 (a) are due to aliasing with the 1-d period in the data sampling. In particular, the two longest and two shortest periods can be produced from aliasing with the central periods. We have analysed the V data with an implementation of the clean algorithm (Roberts, Lehar & Dreher 1987) , which deconvolves the 'dirty' power spectrum with the spectrum defined by the data sampling, in an attempt to remove spurious peaks introduced by aliasing. The CLEANed periodogram is shown in Fig. 4 (b) and clearly indicates a period of 10.1710.08 h, with all the other periods produced by aliasing with data-sampling frequencies. We have therefore chosen to consider 10.17 h as the genuine period, and the corresponding light and colour curves are shown in Fig. 5 . We emphasize that the 9.22-h period is physically reasonable and produces a light curve with very little scatter. This period still seems to be a possibility, but to use it rather than 10.17 h leads to very little alteration in our results or conclusions.
The light curve shows a clearly defined spot modulation with an amplitude of À F« 0.15. The colour curves are scattered, but there is evidence of a ( F-/) KC variation with amplitude AiF-Z^c^O.OS. This latter variation is in the sense that the star is reddest when faintest, a result common in spotted stars (Byrne 1992) . Both (B~ V) and (F-R) KC show some evidence for a similar variation but with a considerably smaller amplitude, ^0.03. Modelling of the surface spot distribution is deferred to Section 6.2. Table 2 . (b) The periodogram produced by the clean algorithm for the same data.
PHOTOSPHERIC LITHIUM
The spectrum of BD + 22°4409 in Fig 1 shows an absorption line at 6708 Â, which we attribute to the presence of lithium in the photosphere. We have investigated the photospheric abundance of lithium in BD + 22°4409 with the J. E. Ross stellar spectrum synthesis code, which is described by Anders et al. (1991) . The model atmospheres used were the marcs versions of the original Bell and Gustafsson models (see Gustafsson et al. 1975; Bell et al. 1976) . From the calibration tables of Bessell (1979) and Popper (1980) , the B -V value of BD + 22° 4409 implies an effective temperature of approximately 4400 K, equivalent to that of a K4 dwarf. The (R-/) KC data suggest a temperature closer to 4200 K, which is at the reliability limit of the available model atmospheres, mainly due to the uncertainty of the contribution from molecular absorption lines. The EW of the 6708-À line, which is an unresolved blend of the Lii doublet at 6707.81 Á and an Fei line at 6707.44 Á was found, by Gaussian-fitting to the line core, to be 235 ±15 mA with respect to a continuum level that was estimated from a narrow-lined star of similar spectral type (G1 380, spectral type K7V), broadened to 69 km s -1 . Such a procedure should eliminate most of the problems associated with rotational broadening of small spectral features, but small differences in the temperatures of BD + 22°4409 and the comparison star may cause a systematic error slightly larger than that quoted. Due to the lack of unblended iron lines, the Fe contribution to the broad 6708-À Une was impossible to estimate accurately, although for a solar abundance it is unlikely to make up more than 30 per cent of the blend (Pallavicini, Randich & Gratton 1992) . A calibration by Soderblom et al. (1993c,d ) of narrow-lined stars with approximately solar abundances suggests a contribution of only ~ 20 mÂ. A 30-Â section of the spectrum, centred on the lithium line at 6708 Â was synthesized using model atmospheres with temperatures of 4100-4500 K. The synthesized spectrum was convolved with the instrumental response and a limb-darkened rotational profile until it matched the mean spectrum of BD + 22°4409. From this BD + 22°4409: a rapid rotator in the Local Association analysis we estimate a lithium abundance of /V(Li) = 1.30 ±0.25, an iron abundance [Fe/H] of 0.0±0.1, and a sin / of 70 ± 7 km s" 1 (in agreement with the value derived in Section 2). The data and synthesized spectrum are shown in Fig. 6 . This can be compared with a simple curve-ofgrowth method (using the results tabulated in Soderblom et al. 1993d) , which yields N(Li)= 1.55 ±0.25, in reasonable agreement.
PHYSICAL AND EVOLUTIONARY STATUS
From the rotational and radial velocities, magnetic activity, photometric periods and colours, lithium abundance and trigonometric parallax, there are several pieces of information concerning the physical and evolutionary status of BD + 22°4409. First, there is the rapid rotational velocity. A comparison with projected rotational velocities for stars in open clusters (Stauffer 1991) reveals that there are no stars with an effective temperature of 4200 to 4500 K and f eq sin />20 km s -1 at the age of the Hyades (600 MyrMermilhod 1981), whereas there are many examples with f eq sin/>50 km s -1 in the Pleiades (age 70 MyrMermilhod 1981) and a Per (age 50 Myr -Mermilliod 1981) clusters. This is strong evidence that BD± 22°4409, with a t> eq sin / of 69 km s -\ is younger than the Hyades and more comparable with members of open clusters of age <100 Myr. An upper limit to the age is difficult to determine, because the spin-down time-scale for low-mass stars (K5V-K7V) is thought to be of order 100-500 Myr.
Observations of an open cluster of age 300 Myr would clarify this point. Stauffer et al. (1989a) have measured some rotation rates in the cluster IC 2391 (age ~30 MyrMermilhod 1981) and find low-mass stars with rotation rates both less and greater than that of BD + 22°4409. Younger T Tauri stars have much smaller rotational velocities Bouvier 1991) , which presumably increase as they contract towards the main sequence. In a survey of low-mass, post-T Tauri stars in the Orion nebula region, with ages from 1 to 20 Myr, Duncan (1993) finds none with a v sin i greater than 50 km s -1 . Thus it seems Wavelength (Angstroms) Figure 6 . Data (dots) and a synthesized model (solid line) from the spectral region around the Lii 6708-Á line. Model parameters are given in the main text. 161 likely from rotational considerations that the age of BD + 22°4409 is greater than 20 Myr and less than 500 Myr.
The projected rotational velocity, combined with the photometric periods in Section 3, of 10.17 ±0.08 and 17.76 ± 0.08 h, yields values for R sin i of (0.58 ±0.01) R 0 or (1.00 ± 0.02) R 0 (90 per cent confidence), which are the minimum radii that the star can have. The larger of these two values is substantially larger than the zero-age mainsequence (ZAMS) radius for a star with the colours of BD + 22°4409, and would lead us to consider a pre-mainsequence evolutionary status. Fig. 7 shows a colour-magnitude diagram, with evolutionary tracks, isochrones and lines of equal radius taken from the models of Swenson et al. (1994) for stars of mass 0.6, 0.8 and 1.0 M 0 . Also shown on the diagram is an error box which defines the position of BD + 22°4409 from the photometry obtained here and a trigonometric parallax of 0.0407 ± 0.0062 (Gliese & Jahreiss 1992) . As can be seen from Fig. 7 , the constraint that the radius be greater than 0.98 R 0 (for the longer photometric period) would be very inconsistent with the error box derived from the photometry and parallax measurements, whereas the shorter period gives a minimum radius that is satisfactory (as would a period of 9.22 h). Agreement with the longer period can only be obtained by hypothesizing a distance greater than 32 pc (compared with 24.6 pc from the parallax). We regard this as sufficiently unlikely to discard the longer period solution, which is identified as an aliasing peak in Section 3 in any case. The theoretical tracks and isochrones then yield a probable mass for BD ± 22°4409 of 0.75 ± 0.05 M 0 and an age greater than 30 Myr. An alternative method to calculate the actual (rather than projected) stellar radius is to use the apparent stellar angular diameter, defined by its V magnitude and V-R colour, combined with the parallax (see Barnes, Evans & Moffett 1978) . This yields a radius of 0.77 ±0.10 R 0 , and thus an axial inclination of 50° ±10°.
The third piece of evidence for the age of BD + 22°4409 is the very high measured lithium EW and abundance. The abundance of lithium is a complicated indicator of age in stars approaching and on the main sequence, because convection, meridional circulation and rotational mixing (e.g. Pinsonneault, Kawaler & Demarque 1990; Pinsonneault 1991) dredge up material from layers in the star hot enough to destroy the original lithium in nuclear processes, and thus the photospheric abundance is depleted. For a particular mass of star, the photospheric lithium abundance decreases with age, and the depletion progresses more rapidly with decreasing mass. This behaviour is reasonably well predicted by models of stellar evolution (Bodenheimer 1965; D'Antona & Mazzitelli 1984; Pinsonneault et al. 1989) , but the considerable scatter in abundance that is observed at a given surface temperature in the Pleiades (Soderblom et al. 1993d ) makes a straightforward mapping of lithium abundance to age impossible. A comparison with data from the a Per, Pleiades and Hyades clusters and the UMa moving group (age 300 Myr) (Butler et al. 1987; Balachandran, Lambert & Stauffer 1988; Boesgaard & Tripicco 1986; Soderblom et al. 1990 Soderblom et al. ,1993c indicates that the Li 16708-À EW and inferred lithium abundance of BD ± 22°4409 is as large as the most lithium-abundant stars of a similar temperature in either a Per or the Pleiades and much greater than those in the Hyades or UMa moving group. The abundance is only slightly less than at the lower end of a sample of X-ray-selected, pre-main-sequence stars of a similar mass in the Taurus-Auriga and Lynds 1641 complexes (Walter et al. 1988; Strom et al. 1989) , which have ages from less than 1 Myr to greater than 20 Myr (Magazzu, Rebolo & Pavlenko 1992) . Pallavicini et al. (1992) have produced some evidence that a high lithium abundance is a necessary, but not sufficient, condition for youth in late-type stars. In particular, they find examples of evolved stars with anomalously high lithium abundances for their age, but, as BD + 22°4409 appears to lie on or near the ZAMS and has a lithium abundance far in excess of that seen in typical field dwarfs (e.g. see Pallavicini, Cerruti-Sola & Duncan 1987) , we feel that the conclusion of a youthful status on the basis of the lithium abundance is secure, with an age of between 20 and 300 Myr being indicated.
ATMOSPHERIC INHOMOGENEITIES
The chromosphere
In Fig. 2 , it is clear that there is considerable variability in the Ha line of BD + 22°4409. Similar kinds of variability have been seen on other rapidly rotating single stars, and have been associated either with transient flare events (Doyle et al. 1988a,b) , an inhomogeneous distribution of active regions on the stellar surface (Y90) or with the phenomenon of cool prominences suspended in the magnetic field above the stellar surface (CR89a,b; Byrne et al. 1992; Jeffries 1993) . In principle, given time-resolved, high-resolution spectroscopy of the Ha line, it should be possible to disentangle the geometry of the active plage regions and/or absorbing clouds around a rapidly rotating star by inferring positional information from the Doppler shift of the Ha emission. In practice, this is confused by three issues, quite apart from any uncertainty in the rotation period, sin i and inclination of the star. First, the Ha line is intrinsically quite broad. Stauffer & Hartmann (1986) present measurements of many dMe stars which are not rapidly rotating and yet have Ha emission lines with FWHMs of 1 Á. It becomes more difficult and requires higher S/N to obtain detailed positional information from features in the H a line if intrinsic broadening dominates rotational broadening, especially in cases where more than one active region/prominence is visible on the disc at once. At present, the only cool stars known to show overt Ha emission and rotational speeds > 30 km s -1 are limited to the star discussed here and HK Aqr (Y90) in the solar vicinity, and the considerably dimmer analogues in the Pleiades. BD + 22°4409 is an important find in this respect. Secondly, it is not readily apparent how much of the H a emission arises in a fairly uniform distribution of plages around the surface, and therefore what fraction of the variable emission actually arises from the transients or inhomogeneities that one would wish to map. Thirdly, there is the problem of time variability. On many dMe stars and, of course, the Sun itself, Ha emission is known to be a timevariable phenomenon on many time-scales, and therefore the interpretation of any features as time-independent, active or quiet regions is likely to be problematic. A possible solution is to observe over many rotation phases, but the data here do not permit that luxury.
In Fig. 8 , we present a grey-scale representation of the dynamic Ha spectrum of BD + 22°4409, constructed from the 89 individual spectra obtained on 1992 August 14/15. Our approach is to examine the following hypotheses: that the variability is caused by prominences, rotational modulation, flaring activity or some combination of these. Our first task was to search for the transient absorption features identified in other rapid rotators. Using the masking technique discussed in detail by CR89a, the dynamic spectrum was divided by versions smoothed in the time direction with Gaussian filters that had o varying from 5 to 40 min. Because there are approximately seven resolution elements
BD+22 4409
Velocity (km/s) Figure 8 . The dynamic spectrum of BD + 22°4409 on 1992 August 14/15. Black pixels represent emission at 0.8 times the continuum level; white pixels represent emission at 1.2 times the continuum level. The time axis refers to ut hours after 00:00 ut on 1992 August 14; the velocity axis is referred to the heliocentric photospheric radial velocity. across the rotationally broadened profile, and each spectrum is separated by ~ 5 min, this should highlight diagonal transients crossing the profile on time-scales of ~ 30 min to ~ 4 h. We see no evidence for any such behaviour, apart from an emission transient that crosses the profile between 22:30 and 24:30 h (times are given as ut hours after 00:00 ut on 1992 August 14). Given a mean S/N of 100 in our data, we estimate that there are no absorption transients at a level of greater than 1-2 per cent of the continuum level. Typical absorption transients observed by CR89a,b and Jeffries (1993) were of order 5-15 per cent of the continuum level below the mean emission. The lack of any observable prominence activity is an interesting point and will be considered in Section 7.
To highlight variable phenomena occurring in the Ha profile, we have subtracted a basal profile from the dynamic spectrum. The problem is the identification of a 'quiescent' profile to subtract. At first glance, it might be thought appropriate to use the mean of spectra between 26:30 and 28:00 h where the EW is roughly constant (see Fig. 2 ). However, it is clear from Fig. 8 that the profile is variable throughout this period, and indeed the whole observation. We have taken a pragmatic approach, which is essentially to use the minimum emission level that occurs throughout the time-series to define the basal level at any particular wavelength. Each column of the dynamic spectrum is scanned for the minimum pixel, which is then averaged with the six pixels closest to it to reduce noise. These average values are combined to yield the basal spectrum shown in Fig. 9 . The basal Ha profile is asymmetric with an enhanced blue wing, and has an EW of only 300 mÂ. The peak is also shifted some 7 km s _ 1 to the blue, a feature sometimes observed in dMe stars (see Haisch et al. 1990; Panagi, Byrne & Houdebine 1991) . A residual dynamic spectrum constructed by subtraction of the basal profile from the original dynamic spectrum is shown in Fig. 10 . In Fig. 11 , a selection of profiles is shown to illustrate the evolution of the residual spectrum.
The residual spectra cannot be solely explained on the basis of rotational modulation of the emission from a single active region on the visible surface. The profile does not vary monotonically in strength, is variable in width and is asymmetric throughout most of the time-series. There is clear evidence for mass-motions in the atmosphere, because between 24: 00 h and the end of the time-series there is significant Ha emission at redshifts of >100 km s~^ but no sign of the concomitant blueshifted emission that would be required to explain this in terms of bright, corotating material above the stellar surface. Instead, we choose to interpret this variability in terms of a large flare on BD + 22°4409. Few detailed observations of Ha flares on other stars have been published, although there are several studies of the higher Bahner lines. These are generally for dMe stars and frequently show (along with an increase in EW) evidence for excess broadening, turbulence and directed flows of several hundred km s -1 (e.g. Doyle et al. 1988a,b; Houdebine et al. 1993; Gunn et al. 1994) . In solar, two-ribbon flares a dominant characteristic of the Ha emission is an intense, redshifted component (~100 km s _1 ) that is driven downwards by non-thermal electron (or proton) beams during the short-lived impulsive heating phase Canfield et al. 1990 ). At later times, there is further redshifted material flowing down from an arcade of cooling magnetic loops that were previously filled with hot, X-rayemitting plasma (Haisch, Strong & Rodono 1991) . There are also a number of observations of blueshifted, Ha-emitting material ( ~ 10 km s~ ^ during the gradual phase of the flare, indicating gentle evaporation of chromospheric material into the corona due to thermal conduction from the hot flare loops (Schmeider et al. 1987; Zarro & Lernen 1988) .
From Figs 2, 10 and 11, it appears that the initial excess emission arises mainly in a narrow component, blueshifted by about 30 km s"
x , and there is some evidence for emission in a blue wing that extends perhaps as far as 150 km s '. This profile broadens rapidly to cover ±80 km s -1 , but is still markedly asymmetric to the blue at 23:17 h. It appears that the increase in width and EW is due mainly to a broad, symmetric component added to the initial blueshifted profile. Over the next two hours the blueshifted emission remain remarkably constant in intensity and position, while the more symmetric extra component moves redward and develops a redshifted wing out to at least 200 km s -1 . Between 25:00 and 28:00 h the flare decays and the emission moves redward, maintaining a significant red wing > z; eq sin i until the end of the observation. Finally, at 28:42 h a new blueshifted component appears, perhaps indicating the start of another flare, and the EW rises.
If, for the moment, it is assumed that the excess emission can be attributed to a single flaring region near the visible pole of BD + 22°4409 (such that rotational velocity shifts can be neglected), and that the observed velocity shifts and asymmetries can be ascribed to the motions of optically thick emitting material, rather than the motions of overlying absorbing material, then we could interpret the above in the following way. The initial blueshifted emission is caused by chromospheric material that is heated and evaporated into the corona. The heating is probably provided by thermal conduction from hot, overlying loops or a particle beam flux. Fisher, Canfield & McClymont (1985) have shown that gentle evaporation (as opposed to explosive evaporation that generates plasma at 10 7 K) can only proceed when the downward heat flux can be effectively radiated away by the BD + 22°4409: a rapid rotator in the Local Association 165 BD+22 4409 -500 0 500
Velocity (km/s) Figure 10 . The residual dynamic spectrum of BD + 22°4409 on 1992 August 14/15 obtained by subtracting the basal spectrum from the dynamic spectrum. Black pixels represent emission at 0.05 times the continuum level lower than the basal spectrum; white pixels represent emission at 0.15 times the continuum level higher than the basal spectrum. The time axis refers to ut hours after 00:00 ut on 1992 August 14; the velocity axis is referred to the heliocentric photospheric radial velocity.
chromospheric plasma before it is heated beyond 10 5 K. At this temperature, radiative losses decline sharply and explosive evaporation would result. This condition is likely to be met in a star like BD + 22°4409 that probably has a very dense chromosphere. Later, the hot coronal plasma will cool and condense. This plasma is likely to be highly turbulent and will begin to drop down towards the loop footpoints, producing a broad component that becomes increasingly redshifted. The apparent consistency of the blueshifted component would indicate that the heating and creation of new coronal plasma loops, followed by chromospheric evaporation, continues for perhaps 4 h, before the remaining material falls out of the loops, a process which continues beyond the end of the observations. An estimate can be made of the amount of energy radiated in the H a line during the flare. Numerically integrating the EW time-series, and subtracting the contribution of the time-independent basal Ha profile, we can use the relationship between R magnitude and flux at Ha, defined by Young et al. (1989) 
Ha luminosity ~2xl0
28 erg s -1 . The addition of a rotational modulation aspect to this scenario brings further complications. The flare appears to be visible for > 7 h, which, for an inclination of 50°, implies that it occurs at latitudes ^36°, unless highly extended in either height or longitude. If the initial blueshifted component represents the velocity of heated plasma on the limb of the star, then this would imply a latitude of ~ 65°. The flare then follows the development outlined above, but in addition to the mass motions resolved into the line of sight, a component due to the rotation velocity must be added, which varies sinusoidally with the rotation period. The amplitude of this rotation component varies from zero at the pole to 55 km s" 1 for a latitude of 36°. If the flare does occur in a reasonably confined longitude band, it seems difficult to reconcile the gradual 7-h shift from blue to redward emission with any velocity modulation due to rotation, and we would conclude that the flare is at high latitudes, with a rotation velocity component smaller than ~ 10-20 km s~!.
A persuasive alternative to this model is to consider the excess emission in terms of two distinct components. The first is responsible for the initial narrow emission and moves slightly to the blue, reaching a maximum shift of about -40 to -50 km s" 1 at around 23:30 h. At this time, and until the end of the time-series, the emission from this first component is confused with a second component due to a flare. The flare emission rises rapidly, broadens and moves redward between 23:30 and 25:00 h and then fades, but perhaps remains visible until the end of the time-series. Meanwhile the narrow component gradually moves redward, crossing zero velocity at about 26:00 h, and reaches a redward velocity of about 40 to 50 km s -1 by 28:49 h. It seems possible that the narrow component is executing a sinusoidal pattern of velocity shifts, with an amplitude of about 50 km s -1 and a period of 10.17 h. This amplitude would indicate an active region latitude of about +45°, which, for an inclination of 50°, would be visible for > 8 h, perfectly consistent with what is observed. The flaring component may be visible for as long as 6 h, but a substantial proportion of this emission, especially the extreme redward emission at the end of the time-series, could arise from above the stellar surface. The latitude of the flare is probably above the equator, but need not be at the very high latitudes required in the preceding paragraph. The amount of energy in the Ha flare would be reduced by about a factor of 2 in this model, with a substantial amount of energy now being contributed by the high-latitude active region. The exact amount of energy in the flare is difficult to calculate, because the two components are not resolved sufficiently well during the period of maximum H a EW.
The photosphere
The modulation of the E-band light curve in Fig. 5 demonstrates the presence of substantial photospheric inhomogeneities on BD + 22°4409. Such variability is commonly attributed to the presence of large cool regions, analogous to large sunspots, on the stellar surface. A spot-modelling program (spotpic -written by PBB at Armagh Observatory) has been used in an attempt to constrain the emitting areas and temperatures of the cool spots on the surface by fitting model solutions to the observed V and ( V-/) KC light curves. Fixing the stellar inclination at 50°, and assuming a spot latitude of 40° (an arbitrary constraint which ensures a minimum spot area solution), we find that a two-spot model is required. Referring to the phase defined in Fig. 5 , the first spot is centred at phase 0.5310.02 with a temperature of 2600 ± 300 K and an area equal to 6.6 ± 0.3 per cent of the visible hemisphere. The second spot has an ill-constrained temperature which is fixed at 2600 K, resulting in a phase position of 0.75 ±0.02 and an area of 1.5 ±0.5 per cent of the visible hemisphere. A cautionary note should be appended to these values. Photometric imaging is only sensitive to that component of the spot distribution which modulates the optical light. It is insensitive to very highlatitude or polar spots and/or spot distributed uniformly in longitude (Byrne 1992) . It should be stressed, therefore, that the areal coverage quoted is a minimum value. The F and ( 1^" 1)kc light curves produced by the spot model are shown as solid lines in Fig. 5 .
The photometric ephemeris does not allow us to constrain the starting phase of the spectroscopic observations for the purpose of comparing chromospheric and photospheric magnetic activity. However, it was mentioned in Section 2 that the measured radial velocities of BD + 22°4409 show a systematic trend during the 7-h spectral time-series, which was attributed to the rotation of cool spotted regions across the surface subtly altering the shape of the cross-correlation functions between BD + 22°4409 and a template radial velocity standard (see Table 1 ). The sense of these changes will be that spots approaching on the blueward limb will cause a positive bump in the blueward wing of the photospheric metal lines, and will cause the cross-correlation peak to shift redward (see Vogt & Penrod 1983) . The observed trend is that the measured radial velocity is redshifted with respect to the mean value at the start of the 7-h time-series, reaches the mean value of -17.4 km s -1 about 2 h later, becomes blueshifted, and then drifts slightly redward again at the end of the time-series. We have modelled the radial velocity variation as a sinusoidal function with some success. Using all the radial velocities listed in Table 1 , we find a periodicity of 10.1 ±0.3 h, a mean velocity of -17.2 ±0.3 km s" 1 and a semi-amphtude of 2.6 ± 0.3 km s~^ A plot of the data and model on 1992 August 14/15 is shown in Fig.  12 . The residuals seem reasonably consistent with our estimated statistical error of 1.0 km s -^ the % 2 for the whole data set is 118 with 90 degrees of freedom. This period is in excellent agreement with the photometric period derived in Section 4. Fixing the periods at the alternative values of 17.76 and 9.22 h, we obtained significantly poorer fits, with X 2 values of 155 and 137, respectively. The possible shorter periods mentioned in Section 3 are completely ruled out by these data. We construe this as additional evidence that our chosen period is the correct one.
UT hours Figure 12 . The measured radial velocity of BD + 22°4409 on 1992 August 14/15. The x-axis is the same as that for Fig. 2 , and the solid line is a sinusoidal fit to all the radial velocity data in Table 1 .
The maximum to minimum shift in the cross-correlation amounts to only half a pixel on the CCD. We would not necessarily expect to see very large differences in the line profiles taken at different times. Nevertheless, profiles of the Li i 6708-À (see Section 6.3) and Ca 16718-Â lines, averaged over five spectra centred on 22:12, 23:27 and 27:48 h and smoothed with a Gaussian filter of a = 0.22 Â, are shown in Fig. 13 . These times display the biggest contrast in line profiles and also in the derived radial velocities from crosscorrelation. The later profiles have minima that are blueshifted with respect to those observed earlier, and are more asymmetric. The photometric spot model required two spots and, if we assume that the spot distribution has not changed between the spectroscopic and photometric observations, then it seems likely that the spectroscopic observations started at about phase 0.4 with the larger of the two spot groups visible and slightly blueshifted. This would cross the meridian about 1.5 h later (where the profiles are roughly symmetric) and move redward. The weaker spot group would increase the blue wing of the line over the next 2 h as it rotated around the limb, but could be more than compensated for by the stronger spot group moving redward. About 5 h into the observation, only the weaker spot group would be visible in the redward wing of the line, and this too would have disappeared by the end of the observation. The radial velocity curve in Fig. 12 (which is contributed to by many strong lines) would suggest that a roughly symmetric spot distribution exists on the visible hemisphere at about 24-25 h. The blueward radial velocity shift and emission in the red wing of the line profiles indicate that spotted regions are moving off the disc between 26 and 28 h; thus we deduce that maximum spot coverage is within an hour or so of 25:00 h, about an hour later than the peak in the chromospheric activity, but approximately coincident with the possible high-latitude active region discussed in Section 6.1.
Lithium inhomogeneities
It is well known that, in the case of the Sun, surface activity affects the observed Lii 6708-À EW, even though the abundance of lithium in the solar photosphere is constant over its surface. In particular, the Lii 6708-À line is enhanced by as much as a factor of 40 in sunspots and suppressed by up to a factor 2 in plage regions, presumably due to different levels of lithium ionization compared with the immaculate photosphere (Giampapa 1984) . It is thus rather uncertain to what extent the observed disc-integrated Li i 6708-Â line from a star represents the actual abundance of lithium in the photosphere or the surface activity and line formation conditions. Basri, Martin & Bertout (1991) found a variable Lii EW and line profile in the rapidly rotating, heavily spotted T Tauri star, V410 Tau. The sense of these variations was difficult to reconcile with a model assuming enhanced neutral lithium in the cool spotted regions. Pallavicini et al. (1993) presented a study of the possible correlation between Lii EW and starspot coverage on a number of active stars. No Li i variability was observed, but the conclusion was that this was consistent with the small surface coverage of starspots deduced from photometric measurements and the modest accuracy of the EW measurements. Soderblom et al. (1991) have suggested that the order-of-magnitude spread in the Li 6708-À EW amongst low-mass stars of the same colour in the Pleiades may be partially explained by a correlation between the Li 6708-À EW and chromospheric activity as measured by the Ha line, but Duncan (1981) and find poor correlations between lithium abundance and chromospheric activity in a sample of RS CVn binary systems.
Given the large amplitude photometric wave and that the chromospheric activity (as measured by the Ha EW) varies considerably over the 0.7 of a rotation period that BD + 22°4409 was observed on 1992 August 14/15, we examined the 6708-À line for any signs of variability. The EWs of the blended Fei 6707.44-Â line and Lii 6707.81-Á doublet were measured with respect to the continuum derived from a polynomial fit to a consistent set of line-free regions, and are given in Table 1 . Note that these values were found by direct integration between two fixed wavelengths, and that we have made no attempt to correct the continuum for rotational broadening; hence the values are slightly smaller than the EW used to estimate the Li abundance in Section 4. As a check, we measured the EW of the nearby Caí 6718-Â line. We estimate that the statistical accuracy of each individual measurement is 13 mÂ. A plot of the temporal behaviour of the Li 6708-Â and Caí 6718-À EWs is shown in Fig. 14 Figure 14 . A time-series of the 89 blended Lii 6708-Á and Caí 6718-À EWs, measured on 1992 August 14/15. Also shown, as large crosses, are these data rebinned into time-periods of approximately 45 min. The error bars are the standard error of the mean for each group of observations. The time axis is the same as that in Fig. 2 , and the dashed lines represent the overall mean EWs.
plot for the Ha EW (Fig. 2) and the interpretation advanced for the line-profile changes seen in these two lines (see Fig.  13 and Section 6.2). At first glance, the spectrum-tospectrum variations in the Li 6708-À EW are roughly consistent with the estimated errors, and we can certainly say that there is no significant variability (at 95 per cent confidence) greater than 10 per cent on time-scales of 5-10 min. On time-scales of an hour (plotted as large symbols in Fig. 14) , which is a more appropriate measure given the observed Ha variability and photometric wave, there does appear to be some variability. % 2 tests of the hypotheses that the Lii and Caí EWs are constant fail at the 99 and 95 per cent confidence levels, respectively. The minimum-tomaximum amplitudes of the variability are about 10 ± 3 and 5 ± 2 per cent for the Li i ( + Fe i) and Ca i Unes, respectively. The contribution of the relatively temperature-insensitive Fe i line will only reduce the observed Li i variability by a small amount. The timing of the maxima appears to be within an hour or so of the time at which maximum starspot coverage was deduced in Section 6.2. Basri et al. (1991) show (see also Pallavicini et al. 1993 ) that
where W G , W s and W P are the observed EW, the EW in the spotted regions and the EW in the immaculate photosphere, respectively, and R is given by where / is the fraction of the visible hemisphere covered by spots. Bp and B s are the continuum fluxes per unit area from the immaculate photosphere and spotted regions, respectively. A problem with using these equations is the estimation of a value for W s from a cool spot atmosphere. Giampapa (1984) found that W s ~ 40 W P in sunspot umbrae, but this is only appropriate for a star with low Li abundance and the solar temperature. The curves of growth of Soderblom et al. (1993d) show that, for a spot 1500 K cooler than the photosphere, an EW enhancement of a factor of 40 might be expected for the Sun. In cooler stars with higher abundances this factor drops rapidly because of the saturation of the 6708-À line. No models for this line have been published which extend to temperatures as cool as those deduced for the spots here. However, an extrapolation of current curves of growth suggests that W s <3 W P for the spots on BD + 22°4409. Assuming a photospheric temperature of 4300 K, a spot temperature of 2600 ± 300 K (see Section 6.2), that W P and W 0 are the maxima and minima of the EW time-series and that W s = 3 W P , equations (1) and (2) where £ and e' are limb-darkening coefficients appropriate for the immaculate photosphere and spot. Using e = 0.7 and e' = 0.8 and the EW and temperature parameters as above, we derive a graphical solution for a of 30° ±8°. This is equivalent to a functional coverage of the visible hemisphere of only 13 ±6 per cent to produce the observed EW variations in Lii. This is in far better agreement with the photometrically derived spot coverages, although it should be emphasized that equation (3) is valid for a single circular spot only. Departures from this assumption result in higher required fractional spot coverages, but it is clear that use of equation (2) could be misleading (e.g. Pallavicini et al. 1993) . Another possible source of error in these measurements is the contribution from small molecular bands. There are a number of these (mainly CN and TiO) near the Lii and Caí lines and in the continuum region outside. They are expected to be very small (^ a few mÀ), but increase in strength for cooler atmospheres. Indeed, there are indications in Fig. 13 of variations slightly above the noise in the spectra that could be caused by increased molecular opacities when spots are on the disc. EW enhancement factors of order 50-100 would be required to explain variations of ~20 mA, but until cooler atmospheric models including these lines are developed this remains an unresolved point.
DISCUSSION AND CONCLUSIONS
It has been established that the cool star BD + 22°4409, the proposed optical counterpart to a significant EUV source, is a chromospherically active single star with a high projected equatorial velocity of 69 ±1 km s -1 . Several possible rotation periods have been found from the modulation of the F-band light curve, the most likely of which is 10.17 ± 0.08 h. All the alternative periods are of lesser statistical likelihood and are rejected as sampling aliases by a clean algorithm. The most probable alternative periods can also be excluded on various physical grounds, except 9.22 ± 0.08 h, which is not sufficiently different from our proposed period to alter significantly the results or conclusions. BD + 22°4409 was selected for study because the space motions given in the Third Catalogue of Nearby Stars (Gliese & Jahreiss 1992) were approximately coincident with those of the Local Association discussed by Eggen ( 1983a,b) . This Local Association consists of stars and clusters (including the Pleiades and a Per) that have ages of between 10 and 150 Myr (Eggen 1992) , and membership has been assigned to a number of the most magnetically active and rapidly rotating nearby stars (Innis et al. 1986; Anders et al. 1991 Anders et al. , 1993 Bromage et al. 1992; Jeffries & Jewell 1993) . Our new value of the radial velocity does not alter the space motions significantly, and there is much supporting evidence, in terms of the rotation rate, lithium abundance, colour, magnitude and distance, to support an age of between 20-30 and 300 Myr. We would conclude that BD + 22°4409 is a prime candidate for membership of this young and kinematic group in every respect. The importance of this group for the study of late-type stars and Galactic dynamics has already been addressed in Jeffries & Jewell (1993) . It is sufficient to repeat here that the identification of a substantial number of late-type members of the group in the solar vicinity, combined with accurate trigonometric parallaxes from Hipparcos, will allow a detailed study of the forces and mechanisms which dissociate and scatter coeval groups of stars.
We have attempted to model the chromospheric Ha emission of BD + 22 o 4409 in terms of the sum of a timeinvariant component and a component which is both a function of wavelength and time. Because there is evidence for emission from beyond the limb rotation velocity, we choose to interpret at least part of the time-variable phenomena in terms of mass-motions during a large flare. The progression of the flare EW and profile shape can be understood qualitatively by reference to phenomena seen during two-ribbon flares on the Sun. The long period of visibility of the excess emission, combined with a lack of visible velocity modulation due to rotation, lead us to suggest that the flare must occur at very high latitudes on the star. An alternative model is that the emission can be explained in terms of rotational modulation of an active region that is visible over the whole timeseries, and a flare which is more short-lived. The duration of visibility and velocity amplitude of the active region still indicate a latitude of about +45°, but the flare latitude becomes essentially unconstrained. Quantitatively, the size of the flare is many orders of magnitude larger than those occurring on the Sun. The energy radiated in the Ha line is estimated to be at least ~ 2 x 10 32 erg for both models, which is large even for flares amongst dMe stars (Butler, Rodono & Foing 1988; Doyle et al. 1988b) . A very high-latitude active region on BD + 22°4409 would be at odds with observations of solar activity, where activity is confined to low latitudes. This might suggest differences between the dynamo that operates in the Sun and that in rapidly rotating stars. Y90 presents evidence for high-latitude plage regions on the rapidly rotating dMe star, HK Aqr, and there is also strong evidence from Doppler-imaging for polar starspots in many instances (see, for example, Strassmeier et al. 1991; Kürster et al. 1992) . Our photometric light curve does not refute the possibility of a polar spot on BD + 22°4409, although it does show that there are spotted regions at sufficiently low latitudes ( < 40°) to be eclipsed by rotational modulation.
We have found no evidence for circumstellar matter around BD + 22°4409, which is surprising, given its similarity to the stars AB Dor and HD 197890 around which cool prominences have been observed (CR89a,b; Jeffries 1993). CR89b hypothesized that prominences form outside the Keplerian corotation radius (R kc ) on a time-scale of days, increase in density, and move outwards from the star under the influence of centrifugal acceleration and the restraining closed magnetic field structure in which they are trapped. Prominences are forced to corotate out to large radii where the curvature of the magnetic field reaches some critical value, and they escape and are centrifugally ejected with consequent AML. There would seem to be no reason why some rapidly rotating stars should display this phenomenon whilst other objects with similar rotation rates and spectral types do not. We are forced to consider why, in the case of BD + 22°4409, these prominences have not been observed. It is possible that there just happen to be no formed prominences around the star at the time of observation or that they are very small, although the frequency of strong Ha absorption transients observed due to prominences around AB Dor would argue against this possibility. A preferable geometric explanation could be put forward, based upon the inchnation of the rotation axes. In the cases of AB Dor and HD 197890, no firm upper limits can be placed on the inclination, due to the lack of a trigonometric parallax and an uncertain lower limit to the age (Innis et al. 1986; Anders et al. 1993) . It is possible, and even likely, that these two stars have inchnations approaching 90°, unless they have radii very much larger than the ZAMS value, whereas BD + 22°4409 has an inclination of 50° ±10°. If there is a degree of centrifugal flattening of any cloud system around the star, or the large-scale magnetic field is equatorially concentrated, then the requirement that the clouds form beyond R kc will make transits of the clouds in front of the stellar disc unobservable. The mechanism suggested by CR89b for increasing the height of prominence formations with time implicitly results in a flattening of the cloud system, because the accelerating force is directed away from the rotation axis rather than the star. Unless there is also an equatorial concentration in the cloud system before this acceleration takes place, clouds should still be observable just outside R kc in stars with low inclination. It is tempting to speculate that, in the case of BD + 22°4409, a combination of an initial equatorial concentration of any clouds, together with centrifugal flattening as the clouds move outward, is responsible for the lack of any cloud transits in our observations. We note parenthetically that this may not be the situation in all rapidly rotating stars. O 'Dell & Collier-Cameron (1993) have found a rotation period of 7.88 h for the G-type rapid rotator HE699 in the a Per cluster which, when combined with the projected equatorial velocity and deduced stellar radius, yields an inclination of 32°. Prominence activity has been positively identified around this star (Collier-Cameron & Woods 1992 ), but appears to be in the form of clouds situated reasonably close to R kc . Thus, at least in this star, the clouds form in a distribution that is not confined to low latitudes.
We have observed small profile variations in the Li 16708-Â line, the Caí 6718-Â line and other photospheric metal lines in the spectrum which have a clear effect on our radial velocity measurements. These suggest that cool spotted regions on the photosphere are most visible a couple of hours into our time-series of spectral observations. We have found evidence for variations of the Lii EW at a level of 10 ±3 per cent, that appear to be correlated with the appearance and disappearance of these spotted regions. The portion of the spectroscopic data where we deduce maximum spot coverage agrees to within an hour with the peak of the Li i EW time-series. This is in accord with the idea that a significant coverage of cool spotted areas can increase the Lii EW, because of the increased density of neutral lithium at lower temperatures. From a spot model derived from photometric data taken a month later, we can estimate that > 8 per cent of the visible hemisphere may have been covered by an asymmetric spot component at this time. The spot coverage that is calculated necessary to explain the Lii and Caí EW variations observed is only slightly larger than this, once limb-darkening and projection effects are taken into account. Because the spot model is a minimumarea solution and there are uncertainties in the assumed starspot temperatures and EW enhancement factors in regions cooler than 4000 K, we do not regard this discrepancy as significant. We cannot, however, rule out the possibility that opacity in molecular bands around the Lii and Caí lines contribute to the EW variations. Very cool atmospheric models are required to resolve this point.
